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Cla.ms W are pend.ng in the sabaec, application. By ,h,s Amendmen,. Apphcants have 
canceled clatms »» and amended Cairns 25. 33. and 35-3,. Support for t he amendment can be 

the amendment prcsen.ed herem ,s respectfully rec,es,ed. AccordtngW. cla.ms 25 and 30-39 
curr en, ly before ,he Exammer. Favorable co„s,dera,,on of the pendmg cla.ms „ respecfuUy 

reqUeS1 Claims >5-59« rejected under 35 USC § 1 1 2. firs, paragraph, as nonenabled by ,he subject 
specficatto. The Exam.ner acknowledges tha, ,he claimed methods are enabled tor us,ng 
i t erfero„ S a„d,„ t erfer„ne h ,meras.b„ t a SS er,s 1 ha„ h espec,f,ca U ondoes„o, enable,™ ,,« susmg 

..fragment of these modules, Appl.cants respee.Mly assert ,ha, ,he claims * ^ ^ 
subje « specficatio. As ,he Examiner is aware, ,he enab.emen, rec,,reme„, of 35 USC i U - has 
twoU ements: an application mus, teach an ordinari,, sktl.ed artisan -now.omake and how 
toU se'Uhec,aimedinven,,„n.App,,ean,srespee l fu,.yas S ert,ha,anord,„arilys k i,,ed,,,sa„.hav,„ g 

,he benefi, of ,he .eaehings of ,he subject apphcation. can read.ly produce fragments of ,he vanous 

, gE product.on, The level of ski,, of a person ,„ ,he b.o.echuologv arts is h,gh. Methods or 
p ep ring fragments of a protem are we,, known m the art. ,n add„,on. me.hods for tes.mg , e 

ra me,«s ,o de.e c ,f ,hey have b,„,ogica, ac„v,,y are we,, known ,u ,he art. pphc 

resp cc,fu,,y S ubm,,,ha,vvh,,e S omeexpcr,men,a,,o„maybenccessary,o^. 

issU e of enab,e m en, where ,he e*per,n,cn,a,i„n ,s rou.me. & „,,e,,*o,, 2,7 LSPQ 804. 

lBJ P al .vp,*,„,.,«H-lhe^ 

CJ ^^^j^ uutxzausm . ■ •-. 

added, Preparaoon of pro.ein fragments and ,he ,es„ng .hereof for h,o,og,a, ac,,v„y ,s ^ 
th e art Thus. Apphcau.s respec.fullv asset, ,ha, ,he sub.cc, spedicauon .caches ,he otd.uartly 

S k,„ed ar„san -how , *e" and -how ,o ^ ,he clamted mvcuuo,, ,f ,he H, er degrees 

„,,„ anv of .he above s,a,me„,s. Apphcan.s respec.fuhy reuues, ,ha, ,,, Ex. er prov.de cvalcnce 

10 demons,,* ,ha, ,he ordmardy skdlcd art.san would no, be able ,o rououely produce and 
d ,e rm n,cb,o,,v,c.,,,K,nu y o,,n,, 1 ne 1 ,,s,.ra„,n,cr,ro„ m o,ec U lc. ,„ v ,,v of, he „Hov e remarks. 
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wkikcmP first paragraph, is respectfully 

rCqU£S aa imS 25-3, are reieced under 35 USC § 1 1 2. fir, paragraph, as coining ™„er 
„ hlc h .as no, descried ,n ,he spec,fica„o„ ,n sue,, as ,o reasonahK convey . one s k led ,„ 

„o„ The Exannner asserts ,ha, ,„e su.ee, specrficanon does no, pro.de «r,,,e„ descr, P ,,n 
I^e„,s o f .n.erferons ,ha, cou,d he used in ,he Canned nre.ods. Under ,h,s rejecon^ 
E lera S ser, S , h a,--, h e,e, S n„de S er ip ,ionor, h ere q u i reds l r U c, U ra 1 a„d, U ne,,„na, t ea, l ,re S „ 1 e 

2 Lnen* . A*c~ -pecfuhy — - "™ * ^ ^ '! ' 

^T e c,fica,,o„ ,„ eon,c y ,o ,he ord,nar,, y s k ,„ed art.san *, W possesion o he 

we,, known in ,he an. Thus, i, follows ,ha, ,he m of any fra g ,„en, ., alpha, be, , ,au or 

I ,n,e,,er„„ , * - and eve. fra gm e„, can b e ,es,ed ,or a = 

„ lth ou, resort ,o undue exper, m e„,a„on. us.ng ,echn, q ues ,ha, are rounne ,n ,he art. U „ - H 

cori ve„„ona t u„he ar, /- » M^, A,„,^s. ^. «*K> (WC* 

6 , Thus .here ean he suffice,,, wn„e„ descr, P „on of an .nvenfion even ,fa„ ,he specesof ,h 

L ,he s U h,c, spechcauo,, does prov.de wnucn desenpnon for ,,,c,nen,s .. m «-«^ 

35 ViSC si 12. firs, paragraph, is respeelfully reaueslcd. 

' r , , , 6 .r and .V, are reiee.ed under ,5 l«C - «^ * »*^; 

Apphca,,,, .ra.efuHv ac,,ov,cd S e ,he Hxannner's ohserva,,„„ ,Ha, ,n,c, fcron g a„„na » no, a ,ype 
J rferon " Bv * A—. APP>,-s have anrended ,he e,a„ns ,o dcle.e re,erc„ce ,o 

,er,ero„,,n m a,nre g ar J ,o,,,ere,ee,,on 0l eh ^"^^Z 

, ■ . .vt-un the- metes am bounds ot the Uaimeu 
,s definite and that the ordinarily skilled artisan can a*.utu,n the 
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invention However. in order ,o expedite prosecu.,0,, of the subject application to completion, 
Applicants have amended the claim to rece ,ha, the , g E-re,a,ed condition i. an allergtc conditio. 
Accordingly, reconsideration and withdrawal of ,he re.ectton under 35 USC 5 1 12. second paragraph. 

is respectfully requested. 

Claims" '6 34 38. and 39 are rejected under 35 USC § 102(b) as anlieipated by Penee/tf/ 
, ,988, ,„ add,,,on. e,a,n,s 26, 27. 33-37. and 3, are rejected under 35 . St 5 .02.M as antrcipated 
by Gmschwitz e, a,. (1993). Finally, claims 25. 26, and 33-39 are rejected under 35 USC § ,02,b) as 
anticipated hv K.mata « al ( .995). Appbcants respectfu.ly assen that the ctted references do no, 
anticipate the etarnrcd invention. However, by thts Amendment, Appbcants have amended the 
c,a,ms to deiete reference to interferon atpha and gamma. Accordingly. recons,dcra„on and 
withdrawal of the rejecons under 35 USC S 102,b, is respectfully re,ucs,ed. 

Claims -7-32 are rejected under 35 USC § 103(a) as obvious over Pene e, al. (1988), 
Gruschwitz e, al (.993), or Kima.a e, al (1995), and further in view of Johnson e, al (WO 
97,39)27, The Examtner asserls tha, the cited references teach the use of interferon alpha to 
downregulate IgE production. While acknowledging that the primary references do no, teach 
downre.ulauon of IgE production by tnterferon tau. the Examiner asserts that „ would have heen 
obvrous'to substitute interferon tau for tnterferon alpha in vtew ofthe Johnson e, al reference which, 
according to the Examiner, teaches tha, interferon alpha and tnterferon tau hind to the type 1 receptor 
and have similar b,o,og,ca, ac„v,„cs. The Johnson „ al reference ,s also ctcd as teaching 
interferon chimeras. Applicants respectfully traverse tins grounds of rejection. 

applicants respectfully assert tha, the claimed invention U no, obvious over the ced 
ret'ciences regardless of whether the references are taken alone or in combination. Although 
interferon alpha and interferon ,a„ share some activities (for example. a„„-v,ra, activity,, there are 

include, -ha, interferon m does m exhibit the level of toxicity exlnbued by ihe other type I 
injerferons. such as interferon alpha. Most notable among .be differences between interferon tau and 
the o,her tvpe 1 interferons ,s tha, interferon tau recogmzes .he type I „,,er,er„n receptor complex 
.IHTerentlv than the other type 1 interferons. Experimental evidence suggests this differential 
^~^„ „f UK- UPC . m.er.ero„ reccpto, aceoun.s for »™c of ^ differences funCons 
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observed be.wecn mterfcron ,au and ,he other ,»pc I .merferons. A publication by Subraman.ant , 
al (1995, (a copv of which is enclosed with this Amendment for the Hxaminers conventence) 

reports the aere,*^ ^ ■ i""*™ ^ b * interfer0 " Uu ^ '" ,erfer0n ^ 
Experintents suggest that there are differences in the interaction a. the amino termini o, interferon 
tau and interferon alpha with the type 1 reeep.or complex. Thus, while interferon tau and other type I 
interferons share eertam biolog.ea, ae„v„ies. Appheants respectfuhy assert tha, the ordinanly skilled 
^^„„„^, r ^i„ a blvex,ranola,eae,ivi,iesassoeia,edvv„hin,erferonalpha(orin,erferonbe,aor 

gamma) to interferon tau. in v,ew of the signiliean, d.fferenees between interferon tan and the other 

interferons. 

As the Fxammer is aware, ,1 is well established in paten, law tha, „. order to support z P rma 
face ease of obv.ousness, a person of ordmary dull rn the art must find both the suggestion of the 
claimed invention, and a reasonable expectation of success in maktng that invention, solely ,n hgh, 
of the teachings of the pnor art. In re Do, «»*»/ Ca. 5 USPQ2d 1 529. 153! (Fed. Cir. .988). 
Applicants respee.fuUy assert that the cited references do no, teach or suggest the c.a.med invention. 
,„ addition, the requirement that there be a "reasonable expectation of success" in obtaining 
applicants' claimed invention cannot be ignored ,„ making an obviousness determination. Even 
assuming a rgU eMo. tha, the ct.ed references suggested Applicants' claimed invention, they do no, 
provide ,he requisite -reasonable expectation of success." In view of the fact tha, there are numerous 
differences between interferon tau and the other type I interferons, .neludmg, for example, then 
differential recognition of the type 1 interferon receptor complex. Applicants respectfully assert that 
the ordinarily skilled artisan would not have a reasonable expectation that interferon tau could be 
used to suppress or „,l„b„ IgL produce, Accordingly. reeo„s,dcra.,o„ and withdrawal o, ,he 
rejection under 35 USt 5103(a) is respectfully requested. 

I, should be understood that these amendments have been made solely to expedite 
prosecution of the subject application to completion and should no, be cons.rued as an indication of 
Applicants- ae.reen.ent with or acquiescence in .he [^miner's position. 

|„ view of the foregoing remarks and amendments to the claims. Appheants beheve tha. the 
currently pending claims are n, condition for allowance, and such ac.ion is respectfully requested. 
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reared by this paper lo Deposit Account No. I <WX)(.5. 

Appll c a n,s,nv„e th cE X a ra i„e r ,oca„, h e U n to i^„c,anncat,o„,s n ee,edo„a ny o, 

responS e or ,f the E^inc,^ a tCep.ontc ^ wou« e^.te ,ne p, S ec U t,o„ of 
subject application to completion. 

Respectfully submitted, 



Doran R. Pace 
Patent Attorney 
Registration No. 38,261 
Phone No.: 352-375-8100 
Fax No.: 352-372-5800 
Address: 2421 N.W. 41 st Street Suite A-l 
Gainesville, FL 32606-6669 
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ClainilliajnejTdedj: 

„ A method for suppressing or MM* * I"**"- "* M «*— 

adm.msteringan effccve amount of [a type „ mter.ron m . *^^*™*** 

-^^^^ or . b.o.og.caiK active fragment [thereof, ,f 

said_mtcri^ojilai^^ 

GainilOJiyriend^: 

*, The method according to cia.m [29) 25. where,,, sa,d mammai,,, interferon tau anr.no 
terminus is from a mamma, seiected from .Ire group cons.stmg of pnnrate. ovme, and bovine. 

„ The method aeeording to Ca.m [»] 25. wherein said chimeric interferon comprises 
ammo acid rescues from about a^m^e*, , u, about * °™ 

,„, erf eron ,a„ and annno ac.d res.dues from about mm ^S S ^^ *- ******** 
166 of human interferon alpha. 

QajioJlianiendedj: 

,3 The method according io Cairn 25. where,,, sa,d lW c Q in.cr,cro„ ra BJ! r^chm 3 eriC 

i n^l of stinnr--^n or inhibition of luF. 
inicrlcron is administered to a person or an.mal ,n n.ul ol .u, , u 

production. 

Claim A5janjciul^ii : . . . . 

T^mcW -«rd,ng » cia.n, » where,,, sa,d [tvpe ,, „„erfero„ 

^ is ad „,e„d b> rou.es sciectcd fro,,, .he group eons.s.mg of on,, ad „s,ra„o,, 

parent ad„,„„s„a,,o,, subcutaneous adn„„,s,ra„o„ „ud mtravenons admunstratiO,, 
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Ma im 36 (amended) : 

36 The method accordmg .o c.a.m 35, wherein said person or an.ma! ,s affheted with, or 
proposed ,„. an IgE -re,a,ed co-.ionAea-Mfe"**^' 

naimjliamena^dj: . 

.■ . 1 • if u/Viwwn said rieE-related condition is an allergic 
37. The method according to claim 36, wherein saia Lign 

^iiprair rhinitis atopic dermatitis, bronchial 
condition is selected from the group consisting of allergic rhinitis. p 

asthma and food allergy. 



aamiJMaDiended} : 

38. The method aceording to c,a,m 25, wherein said [type 1] mterfcron t^ajd^enc 
interferon is administered in vitro. 



Oaim_39iarnended): 

3,. The method according to claim 25, wheretn said [type 1, mtcrieron tauor^dchmjenc 
interferon is formulated in a pharmaceutical^ acceptable earner or diluent. 
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Differential recognition of the gel £terferon receptor 
oylnterferons r and a is responsible for their 
disparate cytotoxicities 

Coik|B Pit*. MP ^ 42 



ABSTRACT HHtrleron r OTOt). ori«InaUy i***"** 

ssss ^srr 

Madin-Darby bertn. kidney J*".,^, .fady, ffNr 

■ns found to differ from ON ^ »■* a ' - ^ IFNt did 
wxle to MDBK cells it ^^J* t ^m^ W '»'X 
that thet* two type T IFN. «MFN-r 

with tb. U«ber binding f^^T^^.tttirtn 

mulmtl UK »«Wr»l -etMty £*" d «"* "J"*,! with 
^ ° f "^Tu^.^ w^l. higher 

a "T' i X!T«T^t*dT^n IWt. The n** were 
Wnd,,,, » m ^^'""V^ hOTpbory | a iio. of the type I 

rectptoMiiocuUed tyrosine ta=««^"' pb^pbcrrla- 
lion of thai ,rinl,hl j .r^Tl tFNt ftrpertaentt 

„j, s synthrtu ' W«S"?S5™Ji TlFN« with the typ* I 
icrJoo at the M termini of ^7*" ^ , difference! in 

Ujh-tmnity ^ ri ^S r ^J n itk.n of the re«ptor 

dependent »tl*«r»e Mtocntwn of receptor sootmu. 

Uurferon T (IFNt), o^^Sffi 
teemed by sheep ^^^i^f^Tjenes turrc been 
5im ,lar to tilt type I ffNa. Several J^ T «££L j, humanJ 
dTntified in *beep and eattk J^f^ show, 
(2). Structurally, the mwm «"» from various 

30-70% homology to the type I W™!™,,,,^ 

^.j^goadenylatc ^^"T^g ^mparetiveiy 
high doses « vOT ^ h f„ P ""^ ue Vis for the tieatment 



be nsed in therapy, i ^ mct t^ . itiei vm ]* r to tbosc 

(6, 7). It is concemble ^7°£, pZlWH* is the for 
muon of the receptor by dif feteot type V^™ * c/vokili », 
overlapping but di 5 tinct ^'^^^^l^S of 

ST^SfffN ^tST co«P«ed in binding competition 
Further, the *"* ^ o( ri({lla i transduction. The 

data susgftst that . nd th» t this increased 

^S^fprolifer.tive propenie, of the type I 
IFNi- 

MATERIALS AND METHODS 

oniU/mg) was obtained from bio^urcc uni^/mg) 

1 ohon>o ! enc I ty«de«r n ^W^op rivcd ^ ^ 

Xit (Amenhaml ^ ^ line 

the bicinchoDinic add way kit (Pwce) owrai i 
manufacturer's astructioni au4auU ted by a 
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virus (9). Antiviral activity was normalizec" by using a value of 
2 x 10» units/me tor IFNaA. 

Cytotoxicity Away*. MDBK cells grown to confluence m 
S^weU pUta were treated with appropriate concentrations of 
IFNs. in triplicate, in 100 jil of BMEM supplemented with 2% 
newborn calf serum. Control cells were treated wrth medium 
alone Cells were mcubsied at 37°C until ugniruant cell death 
was evident by microscopic examination. Cells were then 
named with crystal violet, the plates were washed and air- 
dried, idd the dye wu extracted withl-mrthoxyetlunol (meth- 
yi callotolve). Absorbance of the eluted dye was measured at 

"iXlln, of IFNaA and IFNt. IFNaA and IFNr w« e 
labeled with the Bolto-Hunter reagent (monc » FJwJj 
derivative, -2000 Ci/mmol, Amersham, 1 Ci - 37 GBq) as 
described (10). Specific activity of labeled proteins wu 40-70 
uCi/ue. lie labeled IFNs retained complete antrvu-al activity 
onXfDBK cells which was ur.chai.jed for at least 4 weeks at 

* For studies using aoti-peptide sntfoodics, IFNa and IFNt 
were biotinylated with the Immunopure NHS-LC-WoUoytt- 
tion kit (Pierce) according to ^^^" e ^^£ 
Undine of ia I-tFN<tA and >»I-IPNt to MDBK Cells. 
Bmdbgsssays using NIDBKcells were r^rWdas^bed 

•or IFNa (in. Confluent monolayers of MDBK cells in 
S^^preoooled to 4«C were ****** *\ 
appropriate concentrations of UbeW or utu^lcd UTOmbJ 
ml of complete growth medium at 4"C for 4 hr for 
cTove^ight (=17 hr) for «HW- * allow for bmd.ng to 

attain e(roWruni. Saturation binding data were analyzed with 

law of MDrKc\us in Vwcll plates were Incubated with 
Shtted IFNa or IFNt at 0.3 ul* in phosphate^ feted 
itilne (FBS) containing 596 fetal bovine serum and a 1.30 
dilution of me appropriate antiserum for 3 hr at room tern- 
perature. After washing with phosphate-buffered >^ coii- 
[*tag 5% fetal bovine serum, plate, were ^ooedw.* an 
ExuAvidin-alkaline phosphate conjugate using p-nhrophenyl 
phosphate as substrate (Sigma). ,. ■ 

V Tjaaunoorecipiutiod and tamuBoblottlng. Daudl ceUs m 
RPMI 1640 medium (4-5 x 10' celU per 1-rol sample) 
SL le dw,.?m^or IFNt at 5000 units/ml were lysed at 
VCtot 20 tnin in 500 pi of k»-cold lysis buffer r^tfag of 
50 mM Tris-HQ (pH 7.4), ISO mM Nad. 2 mM EGTA, 2 mM 

NaVVO., 0.05 rnMp-nteopbeiryi^'-guanidmorjeiaoate (from 
as^odcwlutionmdimemylf^ 
oeostatin (10 «/ml), aprotinin (10 /*s/ml), betasnu dine (5 
K) l mM ^ImeVhanesulfonyl fluoride, 10% (vol/vol) 
S. and l%M/vol) Nonidet F-40. After .mmunopre- 
Son of extracts (500 & with 1 of^W «» 
rXure of 1 M of anti-St.tla and m of ^ 
immuaobloning, tyrosine phosphorylation of Tyk2, S*«|la, 
and StaC was detected with ann-ph^otyroatne (4G10) 
MUBody and ECL. Blots were then strrpped and reprob^foi 
the appropriate proteins with the corresponding antibodies. 

RESULTS 

we first determined the relative cytotoxicities of recombinant 
2S?m£3FSa recombinant ovine IFNt « vartous con- 
Suons on MDBK cells (Fig, 1). ffN T was at lea* l 30-fold 
^^Tc to MDBK cells. The concentration eausmg 50* «U 
Z*™ about 2500 units/ml for IFNa in i » 

85.000 uuits/mi for IFNt. Thus, IFNt and IFNa differ 
markedly in ^eir cytotoxic effects. 

The DOtential of tFNr at subtoxic concentrations toaaasa 
co^uS:4oni5ttothc cytotoxic effect of IFNawas next 
S2S ^ .t a Infold higher (but subtaxic) concen- 
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Fio 1. Cyratoxiciry profila of IFNaA IFNt on MDMC crik. 
Confluent monolayer* of cdk in W-wdl pU« were treitcd with 
SS ^t^)« IFNaA (5) .t the indicated concennuion. 
(intrrazl unit*). Control wcib were left untrc*xc± 

tratjoD than IFNaA did not block Oic toxiatyot IFNo^ on 
MDBK ceJU (Tig. Moreover, addition of IFNt at 1 5-foM 
hitter coficenuation 1 Hr prior to tie addition of IFNaA tothc 
cells (Fig. IB) also did not block the toxicity of I^^J/ 1 ^ 
TFNt U a poor antagonist to the cytotoxic effect of IFNaA- 
This wm lurprisiag in view of the established 5trucrurii and 
functional homology of these two type I latcr'crar« (13) and 
their similar specific antiviiai activities on MDBK « w«P)- 
The inability of IFNt to block the cytotoxicity of IFNaA 
suuests that the* IFNs bind differently to the type I receptor 
complex, perhaps initiating different sig»gling wrote. 

Coraquentiy, experiments to follow the direct bindingof 
LFNt to MDBK cells and the competitive binding LFNa 
wVre imdertaken with ^labeled IFNrand IFNaA- ^I-EPNj 
to^oMDBKcelU with high specifidty (Ftg. W ). Scatchard 
analysis of the binding (totf in Fig. M) revealed anjpp™j 
KTat: 3 90 x 10" 1Q \L TbtlQ value is within the range (10 1 
t? i0-» M) for the binding of the various IFNc* w a variety of 
ceU types (14, 15) and is similar to the value for binding of 




Fio 2. Effect of IFNt on the cytotoxicity of IFNaA on MDBK 
JWWSOW units/ml) 
, iu / ft^CedUwctc treated tori hr at 3~*itn irr^v«/ uw 

iwnoval of IFNt, 
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recombinant bovine IFNoD (35 x 1CT 10 M) tad t ecombintnt 
bovine IFNt (3.7 * 10" 10 M) to bovine endometrial mem- 
briDes (16)- However, Scatehard analysis of the binding of 
ir5 MFNaA to MDBK cells (Fig. IB) yielded an apparent Ki 
at 4.45 X 10" 11 M for IFNaA, similar to that (6.0 * 1<T " M) 
prtviousry reported (11). The total receptor concCTtratlon for 
kl-IFNaA (4.62 pM) very shnilar to that for l25 I-lFNt 
(4 22 pM) from the Scatehard plots. Thus, IFNaA has close to 
a 10-fold lower K A for receptor on MDBK cells. This large 
difference in binding affinities may be responsible for the 
inability of IFN-r to "compete" for receptor and block the 
toxicity of IFNaA- , . 

This difference in the affinities of IFNaA and IFNr for 
receptor on MDBK cells was clearly reflected in binding 
competition experiment* (Fig, 4). IFNaA was a potent com- 
petitor of binding to MDBK cells (Fig. In fact, 
IFNaA wis 40-fold more effective than IFNt itself in inhibiting 
the binding of ^MFNrat the 50% level. Similar results were 
obtained when recombinant bnman IFNaD was used as the 
competitor (data not shown). Cross^ornpetiaon smdie* using 
I15 I-EFNaA (Fig. 43) again showed that IFNaA was >4©-fold 
more effective than IFNt in displacing ^MFNoA at the 50% 
level Clearly, IFNaA has a much higher affinity than IFNt for 
the receptors on MDBK cells, which b consistent with the 
10-fold Iowct JCd. Moreover, the results of the competition 
experiments provide an explanation for the inability of excess 
(H ratio) IFNt to block the cytotoxic effects of IFNaA on 
MDBK cells. Tne higher receptor affinity of IFNaA suggests 
differential receptor recognition by IFNt an A d 
explains the inability of IFNt to block the toxicity of IFNoA. 

Using synthetic overlapping peptides representing the « com- 
plete sequence of ovine iFNf, we have shown previoiisly that 
a peptide encompassing the N -terminal 37 amino acids [IPNr- 
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FIG 3. Bifida of ^1-IFNt and «MFN«A <*) MDBK 
c^U. Specific bmdini was calculated by wbuacting ftOM^dficbmd- 
hi dtiirrnincd at each concectrirJon in the presence ofa 100-foid 
^LL oTSc cmx-pondlng unlaheUd IFN. Nonsptemc Wad*. w« 
<20ft for IFN* and <7% for TFNaA, Values aro plotted at mean z 
St (Z/uro) Scatehard plots of binding data. B, bound; F, free. 
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Pio 4. Campcu&t binding of IFNt and IFNaA to MDBK cells. 
Confluent monolayers of MDBK call, in dx-wen P^«™»f* 
baud, in triplicate, with the indicated conc^triLi^ c^W^W 
IFN«X or IFNt and 0.2 nM '"MFNr^) or 0.02 nM *1-nW«A {*). 
Valuei are presented as percent specific binding of control detennined 
iq the absenca of competitor. A 100% value represent! i 
binding of 1673 ± 51 cpm (mean * SB) for I*MFNt and 12*5.7 = 
16J«m fmean i s¥) for '*MFNaA Nor^fic Wnding was 
determine in tha praunc* of 200 oM unlabel* ffNrfof ^-IFNt 
(11* nonspecific binding) and 20 nM unlabeled IFNaA for 
lPNaA (5S> nompeatk: binding) and was lubtncted from tout 
binding. 

( 1-37)1 specifically blocked the antiviral activity of IFNt, but 
not that of IFNa, on MDBK cells (8). In contrast, peptides 
corresponding to the Otermtnal amino •a^ij 3 ^^ 
blocked the antiviral activity of both IFNa and IFNt. These 
data suwtestcd that the N-terminal region of IFNt bound 
differently to the receptor on MDBK cells. Related to this, we 
next determined the ability of rabbit antjacra to these gpute 
to block the binding of TFNa and IFNt to MDBK cells. 
Antiserum to IFNr~(l-37) specifically blocked the binding of 
SsTVut not that of IFNa, to MDBK ceUs. 
antiserum to the C-tcrmmai peptide r^ T .n39-ip) blocked 
5 of both IFNt and IFNa (Fig, 5). these findings are 
consistent with the hypothesis that foi>(M7) c ^ ta f* ™ 
epitope that is unique to IFNr and ]■ 
aid biological activity of IFNt on MDBK «^Fyt^ore 
such a differential interaction at the N termini of IFNt and 
rFNa could account in part for the differential competition at 
the receptor on MDBK ceils. . 

Comparisons of the cytotoxicities, antr/rxal activities, ana 
receptor binding properties of IFNt and IFNaA are presented 
£f&6 as concentrVticn-effect curves. Cytotoxicity is asso- 
ciated with saturation binding to the receptor, whereas anti- 
viral activity involves fractional occupancy <£ ^J* 0 * 1 - 
Thus, toxicity is associated with the U IFNaA bin* to 
MDBK cells with 10-fold greater affinity than IFNt and is toxic 
at much lower concentrations. The specific antrvuaJ atamues 
of the two IFNS are similar. 2 x ID* units/m S of protein for 
IFNaA and 0.8 x 10* units/rag for IFNt, which is consistent 
with the induction of maximal antiviral activity with only a low 
fractional (jccupancy of receptors. 

Binding of IFNs to receptors is translated within the cell try 
signal transduction machinery involving a set of tyrosine 
kinases and uar*cription factors that are activated by phos- 
phorylation. Thus, we investigated whether the difference m 
binding of IFNa and IFNr are manifest in change maojvation 
of the type I reccptor-associated tyrosine kinase Tyk2 and the 
transcription factors Statla and Stat2. The phosphorylation of 
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Pig 5. Inhibition of binding of IFNt and IFNaA to MDBK calls 
by anuseta raiaed scainst the N terminus (solid bar) and C terminus 
(stippUd bar) of IFNt- Data are presented ts mean abacrbance S SD. 
Control tamples ware treated with preiminune serum (open bars). 

each of these proteins induced upon stimulation of cell* by 
EFNa and IFNt was followed by Itrunuiwpredpitation with 
specific antiserum and Western blotting with aoti-phosphoty- 
rosinc antibody. IFNt (Fig- 7/1, lane 3) was as effective as IFNa 
(lane 2) in the phosphorylation of Tyic2. No differences were 
seen in the levels of Tyk2 protein in unstimulated cells and cells 
stimulated with the IFNs (Fig. 18). 

IFNt (Fig, 8/1, lane 3) and IFNa (lane 2) induced compa- 
rable levels of phosphorylation of both Statla and Stat2. 
Again, no difference* were seen in the protein levels of the 
Statla and Sut2 taimunopfectpiUted from stimulated or 
unstimulated cells (Fig. SB). Thus, IFNt is similar to IFNa in 
activaiiog these signal transduction proteins associated with 
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Fig. 6. Dos^roepo^/occupancT curves ™J 
IFNaA (5) on MDBK cells. Percent animal antiviral scthrtty OJ, 
percent maximal cytotoxicity (D). sod percent maximal binding (0) 
is detommed on MDBK ceils arc plotted as function* of concentra- 
te. Data from cytotoxjaty dose-response curves ™ d £^? 
bindiflg curves were rtplotted u percent maximal vsl^Coocentta- 
uc^Jtf* d.termin«i from anDvird units, using a specific acUvUy of 
2^T? 2£™g for IFNxA and 0.3 X 10- units/ag for IFNt on 
MDBK cells. 
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Fic 7 Tytt phosphorylation induced by IFNt and IFNaA. Daudi 
calls were thnmlatsd with IFNaA (lane 2) or IFNt (1** 3) at 5000 
units/mi or were left untreated (lane 1) for 4 mm at 3TG After 
^unoprcciplcation (TP) with ^bodies to TyJc2 <aauvryk2) and 
immunobkjttuig. Oh blot was probed with monoclonal inri-phos- 
phocyrouiie (anti-PY) antibody [A), stripped of anti-FY, and probed 
with antibodies to the Tvk2 protein (8). Molecular size (kDa) markers 
ire at left- 
Ac type I receptor, in keeping w ith its structural and functional 
similarities with the lFNas. 

DISCUSSION 

IFNt, identified originally as a major protein in the reproduc- 
tive cycle in sheep and cows> is now recognized as a type I IFN 
whose biological properties closely parallel those of the IFN as. 
Oine IFNt is as potent as IFNa in antiviral and anticcllular 
activities, but, unlike IFNa, it is relatively nontoxic to cells and 
does not suppress bone rrurrcr-v at high doses (IT). We have 
previously shown (8), using peptide antagonists, that the C 
terminus of ovine IFNt effectrveiy antagonized the properties 
of both IFNa and IFNt whereas the N terminus of IFNt 
antagonized only the properties of IFNt. 

Consistent with these peptide antagonist studies, the present 
study shows that high concentrations (up to a 10-foW excess) 
of ovine IFNr failed to compete for receptor and block the 
toxic effects of human IFNctA on MDBK cells. A comparison 
of the relative airtrviral, cytotoxic receptor binding, and 
receptor competition properties of ovine IFNt and human 
IFNaA provides insight at the level of Ugand^eceptor inter- 
actions. IFNt and IFNaA possess similar specific antiviral 
activities, as previously shown (3). However, IFNaA has an 
-10-fold lower X* for receptor than does IFNt and, hence, a 
higher binding affinity for receptor. Moreover, IFNaA is 
severalfold more effective than IFNt in binding competition 
assays using either >*MFNt or ^I-fFNoA. Since the numbers 
of binding sites per cell for IFNt and IFNctA are very amflar, 
and IFNt competes with IFNaA binding it appears thai 
IFNaA and IFNt recognize the same receptor complex A 
comparison of dose^re*ponse /occupancy curves for the cytc- 




Fio. 3, Stall* aixJ Su(2 phosphorylation induced by IFNaA . and 
IFNr DaucU cells war* stimulated with rFNoA Qane- 2) or IFNt (lane 
3) af 5000 units/ml or were lift untreated (lane 1) foj rlC )m > ^J 7 ^ 
After Lmmunopredpiution (IP) with a mixture of ^fbodw 
and Stua (ami Statla + Star2) and immunoblottint the blot w 
^ *t£2 Hi Phwhotyrorine (a*b-PY) antibody W. ^ of 
anti-PY, and probed with a mixtura of antibodies to Static and Matz 
(*)■ 
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toxicities and antiviral activities shows that cytotoxicity is 
associated with maxmial receptor occupancy and hence Mnd- 
in£ affinities; IFNoA ha* a greater binding affinity «nd thug 
possesses much greater toxicity. On the other hand, antiviral 
activity is maximal at concentrations that result m only a very 
small fractional occupancy of recepton and is not represented 
by equilibrium binding data. This is consent wtth the concept 
that the recepton on MDBK ceQs are "spare" in number with 
raped to anaviral activity. "Sperenees" of receptors in a 
muldwbunit complex receptor could be envisaged as aromg 
from the differential interaction of liftand with a in htet of 
receptor subunits or from difference* m the levels of «pree- 
jion of the subunits. Selective interactions nwy arise from 
differential affinities of the subunits for iigand. Such phenom- 
ena can be recognized, for example, in the case of some 
intcrleukm receptors (18). Also, if the concentration of a 
cellular effector molecule is limiting with respect to a erven 
response, receptors would appear spare in number, Since 
maximal response would occur without maximal o<xupancv. 

In this regard, we have shown in this report that ovine IFNt, 
like IFNoA, can induce the very rapid phosphorylation of the 
type 1 receptor-associated kinase Tyk2 and the transcixpbOtt 
factors Statla and StarZ Given the rime sole* of ttesMu- 
htiofl bylFNt and IFNoA, U appears that only a small fraction 
of the receptors need to be occupied in order to induce the 
phosphorylation of Tyfc^ Start* and Stall Jaken together, 
these data suggest that phon^O^uon 
duction proteins may not be sufficient to induce the cellular 

toxicity associated with Lhe type 1 ffNs, 

The higher binding affinity of IFNoA for receptor and the 
differential competition properties of IFNt and IFNoA also 
surest that the IFNi recognize the receptor differently, 
ftulta from our laboratory with synthetic peptideutajonisti 
£L the C-tcrminal peptide lFN^(^-172)^Com- 
DCtitrye against the activities of both EFNoA and IFNt, 
whereas the N-tcrminal peptide IFNtKl-37) ws^feecve at 
a 5- to 10-fold higher concentration only against ^activity 
(t 19). Using antisera raised against I™^ 13 ^* 7 *) ™{ 
IFNW 1-37), we have shown that antiserum to IFNt-(1-37) 
blocks only the binding of IFNr, whereas antis^umto IFNt* 
1139-112) blocks the binding of both IFNct and 1™*™°** 
data suewst that the N-terminal portions of IFNt and IFNoA 
dctermmaau of high-affinity binding and 
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that differences in high-affinity equilibrium binding between 
IFNoA and IFNt may in good part be due to difference* in 
receptor interactions at the N termini of these molecule*. 
Consequently, the N termini of these molecules also appear to 
be significant determinants of the cytotoxic effects of the IFNs. 

This research was supported by Grant CA69959 (to KM J .) from the 
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